Fine resolution Synthetic Aperture Radar (SAR) systems necessarily require wide bandwidths that often overlap spectrum utilized by other wireless services. These other emitters pose a source of Radio Frequency Interference (RFI) to the SAR echo signals that degrades SAR image quality. Filtering, or excising, the offending spectral contaminants will mitigate the interference, but at a cost of often degrading the SAR image in other ways, notably by raising offensive sidelobe levels. This report proposes borrowing an idea from nonlinear sidelobe apodization techniques to suppress interference without the attendant increase in sidelobe levels. The simple post-processing technique is termed Apodized RFI Filtering (ARF).
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Foreword
This report details the results of an academic study. It does not presently exemplify any modes, methodologies, or techniques employed by any operational system known to the author.
This report supersedes an earlier report † that had limits to its distribution. The technique described herein, as well as the examples, have since then been disclosed and issued a patent, ‡ rendering the previous release restrictions no longer necessary.
Classification
The specific mathematics and algorithms presented herein do not bear any release restrictions or distribution limitations. This report formalizes preexisting informal notes and other documentation on the subject matter herein.
Introduction & Background
Synthetic Aperture Radar (SAR) systems achieve fine range resolution by employing wideband signals. Ever-finer resolutions required of SARs require ever-wider bandwidths. Currently, available spectrum that is useful to SAR is used by a myriad of services including communication and remote sensing. These other emitters pose a source of Radio-Frequency Interference (RFI) to SAR, and energy from them degrade the SAR image, by increasing noise levels and obscuring detail within the SAR image. An example is illustrated in Figure 1 , where an L/S-band SAR image of a circle of military vehicles is corrupted by interference from wireless digital service emitters. This image displays a resolution of 9 inches from data collected at a center frequency of 2.16 GHz. Heretofore, interference was mitigated by a variety of cancellation techniques and filtering techniques. These techniques generally fall into one of two categories. The first category attempts to filter the interference in some manner from the raw data prior to image formation. 1, 2, 3 A variation of this technique exploits any pulse-to-pulse coherence of interfering sources to compress the interference in 'Doppler' before excision. 4, 5 This technique works reasonably well for interfering Broadcast Television stations in the UHF band, and was exploited in Sandia's UHF SAR project in the mid-1990's. 6 Other emitters, such as wireless digital services at microwave frequencies do not appear to correlate very well over multiple pulses, and hence do not compress in Doppler. The second category attempts to model the interference and nullify, or cancel the interference in the raw data. 7, 8, 9 None of the techniques surveyed in the literature attempt to perform any significant processing in the 'image domain' itself.
However, in excising the offending spectrum by whatever means, so too is radar echo energy excised that is both desirable and valuable. Thereby, while removing interference effects, the SAR image is degraded in a different manner, by increasing offensive sidelobes typically and primarily in the range dimension.
The technique disclosed herein is able to excise interference without increasing sidelobe levels, thereby rendering an improved SAR image.
Details of Apodized RFI Filtering (ARF)
The technique disclosed herein renders an improved SAR image by processing the available data in a non-linear manner that excises interference without increasing sidelobe levels. It does so by forming two distinct images, the first that includes the interference, and the second with interference excised but which exhibits consequentially higher sidelobe levels. The crucial step is to compare the images on a pixel by pixel basis and keep the minimum pixel magnitude value in a final combined image.
Any particular one of a variety of techniques for interference removal can be used in forming the second image. As such, this technique is an extension of most other mitigation algorithms. That is, the basic technique described herein makes other techniques work better. The embodiment of this idea for the following examples presumes that interference removal for the second image is accomplished by zeroing the appropriate raw SAR phase history data, or equivalent. The raw phase-history data is a result of stretch-processing, where a Linear-FM chirp waveform was transmitted and removed prior to digitization. Figure 2 illustrates the basic algorithm steps in a block diagram form, beginning with raw SAR phase-history data. Figure 3 illustrates the algorithm steps beginning with a complex SAR image corrupted by interference. Beginning with the complex data, pseudo-phase-history data is first obtained by InverseFourier Transforming the complex image, whereupon spectral excision is performed and the second image is formed. The examples in this report are processed in this manner, that is, beginning with complex images exhibiting RFI.
An important note is that in comparing the first image to the second, the second image must be properly scaled to account for the signal energy lost during excision of its spectrum.
An extension of this technique might include comparing against a third image (or even more images) using an alternate RFI mitigation scheme, or a different filtering strategy, such that the final result is the best combination of all processing techniques.
We also note that the concept of selecting minimum pixel values from multiple images processed with different window functions is the fundamental idea behind sidelobe apodization techniques, including Spatially Variant Apodization (SVA). 10 
"If you don't interfere with me, I'll always do something really good." --John Malkovich
Example Imagery
What follows are some examples of the application of the ARF technique to complex images exhibiting RFI degradation. Figure 4 is an enlarged view of the targets in Figure 1 . Figure 5 is the Inverse FFT (and hence the pseudo-phase-history data) of the complex image of Figure 1 , clearly showing bands of interference due to wireless digital services in proximity to the scene. Figure 6 is the image re-formed from the modified pseudo-phase-history data displayed in Figure 7 , where the interference bands have been excised. Note the degraded sidelobe response of the center trihedral (corner-reflector) in the image. Figure 8 is a pixel-by-pixel minimum of the magnitudes of the pixels in Figure 4 and Figure 6 . Clearly the sidelobes have been reduced. Figure 9 is the entire image after ARF processing. Figure 10 , Figure 11 , and Figure 12 illustrate the range dimension amplitude response that includes the center trihedral response. In each pair, the top is a full line from the image, and the bottom is an enlarged view near the trihedral response. Note that Figure  11 has a lower noise floor but worse target sidelobes compared to Figure 10 , but Figure  12 contains the best features of both. Figure 13 and Figure 14 show additional images of a section of the Albuquerque Rio Grande Zoo both before and after ARF processing. These images also display a resolution of 9 inches from data collected at a center frequency of 2.16 GHz. 
"Nature is often hidden, sometimes overcome, seldom extinguished." --Francis Bacon
Summary & Conclusions
We reiterate the following points.
• Images may be compared to each other that have been formed both with, and without interference excised or filtered. A final image is assembled on a pixel-bypixel basis that is the minimum of either of the original two.
• The technique disclosed herein is a post-processing step that is able to use the results of other interference removal or filtering techniques and combine them with an unimproved image into a further-improved resulting image.
• This technique allows excising interference without increasing sidelobe levels. This addresses a shortfall of other existing RFI mitigation techniques.
